Several studies have been made on the conditions which determine the formation of pigments by microorganisms (Reid, 1936) , their possible practical application (Beijerinck, 1913) , their role in bacterial metabolism (Birkinshaw, 1937) , their correlation with some morphological or physiological variations, and their chemical structures (Brazhnikova, 1946; Friedheim and Michaelis, 1931; Tobie, 1936; Waksman, 1950) . The characteristic of pigment production seems to be more widely present in the actinomycetes than in any other of the bacterial groups and, as a consequence, there are many works tending to define the identity between the pigments formed and the bacteria producing them, for taxonomic purposes (Conn and Conn, 1941) .
The present paper deals with some of the factors which determine the production of a blue pigment by a Streptomyces coelicolor strain, indicating its purification and some of its more important characteristics.
MATERIALS AND METHODS
The Streptomyces strain was isolated from soil by means of the dilution method. Microscopic observations were made on colored slides obtained by a Drechsler's technic modification (Drechsler, 1919) in Czapek's medium. This strain was found to be Streptomyces coelicolor, following Waksman and Curtis's key in Bergey's Manual (Breed, Murray and Hitchens, 1948) . It was plated in Czapek's medium, incubated at 28 C and, after periodic observations, colonies showing more rapid pigment production were selected and transferred. After repeated selection and transfer, pigment production by the selected final strain was studied in the following media: Oxford (1946) , agar-Oxford, cotton-Oxford, Gause (1946) , cotton-Gause, Czapek, cotton-Czapek, semisolid-Czapek, and Bottcher-Conn (1942) . In each case the inoculum was a loopful of sporulated culture in Czapek's medium; the cultures were incubated at 28, 30, and 33 C. Observations were made after 2, 5, 10, 15, 20, and 30 days.
Pigment intensity. After the proper medium for pigment production had been selected, a method for measuring pigment intensity in an adequately approximate manner was developed. The following procedure was found to be satisfactory. The solution containing the pigment was filtered through glass wool and then I A summary of this work was presented at the Sixth International Congress of Microbiology, Rome, 1953. through filter paper; pH was adjusted to neutrality and 0.5 ml of the solution was filtered and complemented to 10 ml with a pH 6.4 to 6.8 phosphate buffer solution. The light transmission of the solution was read with a Klett-Summerson photoelectric colorimeter with a green filter. The highest reading was considered to have a value of 100 per cent intensity and other readings were referred to this figure by calculation.
Influence of pH on pigment production. A series of twenty 300-ml Erlenmeyer flasks, each containing 40 ml of Bottcher-Conn's medium, was used. The medium was sterilized for 30 minutes under 15 pounds of steam pressure, and the pH was adjusted to give a range from pH 4 to 11. All media were inoculated with a loopful of a sporulated culture in Czapek's medium and incubated at 28 C for 20 days. The final pH and relative pigment intensities were then determined.
Influence of temperature. Six 300-ml Erlenmeyer flasks containing 40 ml of Bottcher-Conn's medium were inoculated, as above, and incubated at 25, 28, 30, 33 , and 37 C. After 20 days the final pH, growth, and relative pigment intensities were determined.
Influence of carbon and nitrogen sources. For the determination of the influence of carbon source on pigment production, a series of Erlenmeyer flasks was prepared with 40 ml of Bottcher-Conn's medium without glycerol. The carbon sources under test were added in a proportion of 1 per cent; the pH was adjusted to 7.5 and the flasks were sterilized at 5 pounds for 1 hour. The media were inoculated as above, and incubated at 28 C for 20 days. The pigment intensities were then measured. The influence of nitrogen sources was studied in a similar manner using Bottcher-Conn's medium modified as follows: Yeast extract 0.5 g, K2HPO4 1 g, glycerol 5 g, and sufficient water to 1000 ml.
Aeration. The effects of aeration were studied using 500-ml Erlenmeyer flasks. Each flask contained 150 ml of Bottcher-Conn's medium which had been inoculated with 4 loopfuls of a sporulated culture grown in Czapek's medium. The flasks were aerated by means of an aquarium pump. The air used was passed through a washing flask, a filter, and then to the cultures. Aloxite stone spargers were used. Aeration was at a rate of 150 ml per minute and was continued for 120 hours at 28 C. A control was maintained under the same conditions.
Influence of the amount of inoculum. As it is difficult, if not practically impossible, to control the inoculum in actinomycetes, it was thought advisable to determine the influence of inoculum size on the results. Two series of Erlenmeyer flasks were prepared as in the pH experiments with the exception that a range of pH 6.9 to 10.5 was used. These flasks were inoculated with 1 and 2 loopfuls of inoculum for comparison. After 20 days incubation at 28 C, the final pH and pigment intensities were determined. Pigment purification. After several assays were tried using modifications of Brazhnikova's (1946) method for litmocidin purification, and chromatographic procedures, the following purification technique, which is similar in some respects to Oxford's (1946) method, was adopted. A series of 300-ml Erlenmeyer flasks with 50 ml of Bottcher-Conn's medium at a pH of 7.5 was inoculated as indicated previously, and incubated at 28 C for 3 to 4 weeks; the pigment-containing solution from these flasks was collected, liquids from the cotton being extracted under pressure and by washing with a diluted ammoniacal solution, and placed in a larger flask. The whole liquid was filtered through glass wool and then through filter paper. The pigment was then precipitated by the addition of concentrated HCI and refrigerated overnight. This was followed by decantation, repeated washing of the precipitate with dilute HCl, and centrifugation to eliminate the liquid of lavation. The precipitate was then redissolved with a diluted ammoniacal solution and again precipitated with dilute HCI, this process being repeated for at least five times. A dilute ammonia solution was again added to dissolve the precipitate, together with two volumes of amyl acetate, acetone or carbon disulphide, and the whole liquid was stirred for 30 minutes. The solvent, which contained a yellow impurity, was eliminated and fresh solvent was added under constant stirring. The process was repeated until the solvent remained completely colorless and then it was removed by centrifugation or decantation. Now, five to six volumes of distilled water were added, and the pigment again precipitated by the addition of concentrated HC1. The precipitate was then washed several times with dilute HCl, followed by centrifugation each time to remove the supernatant fluid. Five to six volumes of glacial acetic acid were used to dissolve this precipitate, and centrifuged to remove the insolubles. The acetic solution of the pigment was diluted by the addition of distilled water and then precipitated with concentrated HCl. Repeated centrifugation and redissolution in acetic acid followed, until a negative Nessler reaction was obtained. Finally, the precipitate was dissolved in acetone, any insoluble portions which may have been formed having been removed by centrifugation and the solution was evaporated at room temperature.
Antimicrobial properties of the pigment. Antimicrobial properties were studied following Waksman and Reilly's (1945) method. A solution containing 20 mg of the purifled pigment in 6 ml of methanol was diluted with distilled water to obtain a final concentration of 1 mg per ml. From this solution, aliquots were taken for the activity tests. Readings were made at the end of 48 hours for Rhizobium, 72 hours for Mycobacterium, 5 days for Fusarium, and 24 hours for the other microorganisms. Fred and Waksman's medium "79" (Fred and-Waksman, 1928 ) was used for Rhizobium, Sabouraud's for Fusarium, and broth-agar for the others.
RESULTS AND DISCUSSION
The strain of Streptomyces used in this study showed all the morphological and biochemical characteristics of Streptomyces coelicolor. It is noteworthy that it produced acid from glucose, lactose, sucrose, and mannitol; results which differ from Muller's (1908) but agree with Conn's (1943) findings.
Some variants attacked agar as observed by Stanier (1942) ; others lost the aerial mycelium;and did not produce pigmnent, but later they recovered both properties as pointed out by Erikson (1948) . Occasionally some lysis appeared in a medium containing Czapek's salts and 30 g of mannose per 1000 ml. Stanier (1942) and Dimitrieff (1937) observed a similar phenomenon in other media. Erikson, on the contrary, made no such observation.
There appeared to be some possibility of increasing pigment production by use of selective cultures. However, after two or four subcultures the time necessary for the pigment to appear in the medium was increased and the intensity lowered.
The morphology of the Streptomyces colonies was extremely variable and showed no relationship to pigment production. Colonies of three different morphological types which developed in the same Petri dish produced very similar pigment intensities, whereas identical colonies showed various intensities (figures 1 to 4). Influence of pH. Table 2 shows that the optimum pH lies between 7.3 and 7.7. This factor appears to be of paramount importance because deviations of less than a unit with reference to the optimum point showed great differences in the relative pigment intensity. A pH lower than 5.4 or higher than 9.9 allowed neither growth nor pigment production. Carbon and nitrogen sources. The best carbon sources for pigment production were: D-mannose, glycerol, raffinose, and D-xylose, as shown in table 4. Mannitol gave scant pigmentation, L-arabinose almost negligible, and inulin none. These results agree with those of Cochrane and Conn (1947) .
The best nitrogen sources were sodium caseinate and peptone; gelatin, nitrate, and ammonia salts gave very poor results.
Inoculum. Table 5 shows that results obtained in the experiments could not be greatly altered even if the inocula were not quantitatively uniform, since the size of the inoculum appeared to have no influence on pigment production.
Aeration. Under the conditions of our experiments, for his preparations; Erikson et al. (1938) suggested that it could be a polyhydroxiphenazine. Frampton and Taylor (1938) concluded that not all of the pigments are alike; some were similar to Muiller's preparations and at the same time different from Waksman's Actinomyces violaceus-ruber pigment. Dr. Waksman mentions a similarity in chemical structure between azolitmin and his strain pigment on one hand and that of Muller on the other. Oxford (1946) obtained some preparations with a total protein N content of 1.9 per cent which he considered a residual protein contamination. The pigment produced by the strain of Streptomyces coelicolor used in this study had the same N content (Kjeldahl) and the same solubility characteristics, which suggests that such nitrogen would form a part of the pigment molecule itself. By repetition of the purification process on a portion of the purified pigment, the same amount was obtained. That this suggestion could be valid, however, depends on further verification. In our procedure for purification, using 2 liters of Bottcher-Conn's medium, it was possible to obtain 100 mg pigment per liter; Oxford obtained only 5 mg per liter. Whether this higher yield was due to the strain or to the medium used, was not determined. The nitrogen data indicate, in agreement with Oxford, that the pigment is not an anthocyanidin, nor phenazine and that it does not have azolitmin characteristics.
Antimicrobial spectrum. Table 6 shows that the pigment had only antirhizobic activity. This simple biological test differentiates the pigment from litmocidin (Gause, 1946) and possibly it could be used to solve Conn's problem in the sense that not all of the pigments produced by different Streptomyces coelicolor strains are the same.
SUMMARY
A strain of Streptomyces coelicolor, isolated from Mexican soils, was studied with special reference to the production of its pigment and the antibiotic properties of this substance. #It was found that the quantity of inoculum had no influence on pigment production. Bottcher-Conn's medium gave the best results; the optimum temperature for growth was 28 to 30 C; and the most favorable pH was between 7.3 and 7.7. This strain used mannose and glycerol as sources of carbon, and sodium caseinate and peptone as sources for nitrogen. Aeration of the cultures inhibited the production of pigment.
For the purification of the pigment, a procedure based fundamentally on the property of the precipitation of the substance from its aqueous solution with HCl followed by redissolution in ammoniacal, acetic or acetonic media was used. During the first steps of purification the use of organic solvents allowed for the extraction of a great deal of impurities.
In the preparations obtained by this procedure, a nitrogen content of 1.9 per cent was found, which is similar to the value obtained by Oxford.
The substance was found active only against some species of Rhizobium and it is assumed that this property might be useful as a test in the differentiation of similar pigments. (A.P.H.A., 1946) and total bacterial populations were determined by the plate-count method using M/20 phosphate buffer at pH 7.0 as diluent and nutrient agar as the plating medium. Colonies were counted after 48-hr incubation at room temperature. Types of coliform bacteria were determined by examination on eosinmethylene blue agar and by the IMViC reactions.
The growth of fecal organisms in soluble oil emulsions was determined by distributing two g of feces in an apparatus (Pivnick and Fabian, 1953) containing an emulsion composed of 2 per cent soluble oil in tap water and circulating the mixture through iron chips. Plate counts of the bacterial population were made at appropriate intervals. After 40 days, counts of lactose-fermenting organisms were made on Endo medium and of the 6,800,000 organisms per ml present, 75 per cent fermented lactose.
Industrial samples of soluble oil emulsions, which contained predominantly members of the genus Pseudomonas, were mixed with inocula from the above-mentioned emulsion in which coliform bacteria had grown
